Abstract. In this paper, we present the results from fabrication studies of Ag, Au, and Ag-Au alloy nanoparticles (NPs) using picosecond laser ablation technique in the presence of liquid media. The alloy formation in the NPs was confirmed from UV-Visible measurements. The shape and crystallinity of NPs were investigated by using high resolution transmission electron microscopy (HRTEM), selected area diffraction pattern (SAED) and energy dispersive spectroscopy (EDS). The SERS effect of fabricated NPs was tested with methylene blue and an explosive molecule (ammonium perchlorate) using a portable Raman spectrometer and achieved EFs of ~10 6 .
INTRODUCTION
Fabrication of nanoparticles (NPs) and nanostructures (NSs) using laser ablation in liquid technique (LAL) is an effectual and simple tool because it provides pure and stable colloidal NPs devoid of any chemical precursors and/or chemical reagents making it an environmental friendly and green technique. [1] [2] [3] [4] In LAL technique, pure, alloy, metal composite NPs/NSs with different shapes can be achieved by tuning the laser parameters. 5, 6 Briefly, when an intense laser beam interacts with the target material immersed in liquid media, it generates high pressured plasma containing ionized species of ablated material. The plasma condenses, and nanoparticles were produced by nucleation and growth process. 5 The formed NPs were suspended in liquid as colloids. LAL fabricated NPs/NSs are successfully utilized in surface enhanced Raman spectroscopy (SERS) studies of various analyte molecules including explosives. [7] [8] [9] SERS is a powerful analytical tool to identify trace-level molecules due to its fingerprint nature and supported by sensitivity. In SERS technique, the Raman signal is enhanced enormously when the molecule is close to a rough (few tens of nm) metal NPs/NSs. The observed enhancement in SERS can be attributed to the higher electromagnetic field generated by the collective oscillations of surface plasmons on the metal surface as well as charge transfer between the molecule and the metal surface. 10 During the last two decades, metal NPs (Ag, Au, and Cu) have been widely tested as SERS substrates for identification of various analyte molecules due to their superior plasmonic nature in the visible range. Though Ag NPs demonstrate exceptional plasmonic response compared to the Au NPs (inferior plasmonic response compared to Ag), they lack stability and, therefore, many researchers focused on the synthesis of Ag-Au NPs to achieve a balance between the plasmonic efficiency and chemical stability. [11] [12] [13] [14] In this study, we present our studies on ammonium perchlorate and methylene blue detection by using Ag, Au, and AgAu alloy NPs fabricated by picosecond ablation of bulk target immersed in liquid media
EXPERIMENTAL DETAILS
NPs were prepared via laser ablation in liquids using a picosecond (ps) laser (EXSPLA PL-2250) delivering ~30 ps pulses with a repetition rate of 10 Hz at a wavelength of 532 nm. For a generation of colloidal solutions, we have used silver (Ag), gold (Au), and silver-gold alloy (Au50Ag50) targets (thickness of ~1 mm) which were immersed in NaCl (5 mM dissolved in distilled water) solution placed in a bottom of the glass cell. The laser beam with an input diameter of ~12 mm was focused with the 100 mm focal length of convex lens normally on to the target surface dipped in NaCl solution. The liquid layer height above the target surface was ~6 mm and quantity of liquid used as 5 ml in each case. The experiments were carried out at the pulse energy of ~15 mJ and the time of ablation was ~30 minutes. The use of NaCl is to promote aggregation among the generation NPs, which is helpful in enhancing the signal in SERS studies. After a particular time, the colour of the liquid changed and this confirmed the formation of NPs in colloidal solution. The prepared colloidal solution was collected and stored in an air tightened bottles to prevent oxidation from the surrounding atmosphere. Further, the colloidal solutions were characterized by UVVisible absorption spectroscopy, transmission electron microscopy (TEM), selected area diffraction pattern (SAED) and energy dispersive spectroscopy (EDS). The prepared NPs were utilized for detection of an explosive molecule (ammonium perchlorate), and dye (methylene blue) using portable Raman spectrometer (B&W Tek, USA) operated at a wavelength of 785 nm. Figure 1 shows the absorption spectra of Ag, Au and Ag50Au50 NPs obtained in NaCl solution. From the presented data it is evident that the surface plasmon peaks were observed at 397 nm, 512 nm for pure Ag and Au NPs. In case of alloy (Ag50Au50) NPs, the single plasmon peak (~474 nm) was observed within the range of pure individual metallic NPs (Ag and Au), which clearly demonstrated the formation of alloy/bimetallic NPs without any core shell structure. The plasmon peak position of alloy NPs mainly depends on the weight proportions of Ag/Au and always lies between the individual metals NPs peaks. . From the presented results it is observed that the major modes of MB were located at 772, 1394 and 1622 cm -1 and are assigned to the in-plane bending of C-H, C-N symmetric stretching and C-C ring stretching respectively, which are consistent with the previous reports. 9 The normal spectra of MB (0.1 M) were recorded on a silicon substrate (spectra presented in pink color of figure 3 (a) ]. The enhancement factors (EFs) were estimated by choosing the 1621 cm -1 mode of MB observed the NPS films with the normal Raman spectra (same mode) obtained from Si substrate by using the following formula (1). , and 5.8×10 5 for Ag, Au and Ag50Au50 NPs, respectively. The SERS studies also performed for ammonium perchlorate (AP) by utilizing these NPs. SERS spectra of ammonium perchlorate (10 μM) acquired from Ag, Au and Ag50Au50 NP films are depicted in figure 3(b) .The predominant mode of AP was observed at 937 cm -1 , corresponding to the symmetric stretching vibration. 18 The calculated EFs are 1.1×10 4 , 5.3×10 3 , and 7.5×10 3 for Ag, Au, and Ag50Au50 NP films, respectively. In the detection of both analytes, Ag NPs provided the superior enhancement factors compared to the other NPs and this could be attributed to the selective support of analyte molecule to the particular NPs surface. Further aggregation also plays an important role and effects the SERS signals, which is evident from the TEM images. In the earlier report, a similar type of result was demonstrated for Ag NPs compared to alloy NPs fabricated through the LAL technique but they achieved the detection of MB up to 10 -10 M when the NPs were fabricated in diluted solutions of MB. In the present study, we detected up to 10 -8 M when MB drop casted over the NP films and, furthermore, demonstrated the detection of an explosive molecule (~ 10 -6 M) using portable Raman spectrometer.
RESULTS AND DISCUSSIONS

CONCLUSION
Pure Ag, Au, and Ag50Au50 alloy NPs were fabricated using picosecond ablation by immersing bulk target in NaCl solution. TEM and SAED patterns revealed the crystallinity of NPs, whereas alloy formation of Ag50Au50 NPs was confirmed from the position of the plasmon peak in the absorption spectra. The SERS effect of these NPs was tested with MB and explosive molecule (ammonium perchlorate) and achieved the EFs of ~10 6 and ~10
